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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a surface acoustic 
wave element having an excellent operating 
characteristic at a high frequency band by realizing an 
excellent propagation speed, electromechanical coupling 
coefficient and a frequency temperature characteristic 
and realizing an excellent resistance to propagation loss. 

SOLUTION: The surface acoustic wave element has a 
diamond layer (i), a ZnO layer (fi) formed on the 
diamond layer, an interdigital electrode (iii) formed on 
the ZnO layer, and an Si02 layer (iv) formed on the ZnO 
layer while covering the interdigital electrode. Then a 
kh[ZnO] and kh[S'02] are included in the inside of ah 
area ABCDEFGHIJKLMNOPQR. 
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m^mi] ( i) ^^-f^^>HB^:. 

(i i) ItrfB^^-f ^^>h*H<0±{CJ^^Sn-SZ nOB 

(i i i) ltflEZnOJiCQ±{C?gfi)tStlSS5Mmfili:. 

( i v) tfimmmnm^m-DTMz nom<D±\zms!z 

T. 

t(flEZnO)l©»$ t, Rt^MfSSiO. li<7)JfCS t, 

kh [Z nO] =2 7t t, /A. 

k h [S i O, ] =2 ;r t, /A 

T#A.6.nSkh [ZnO] Rt^k h [S i O, ] JCM 

LT, 

mmzkh [ZnO] > iiEttfCkh [S i O, ] S-^A 

jffili (kh [ZnO] =0. 4, kh [SiO, ] = 

0. 5 5) T#Ae.n-5,^Ai. 

mm (kh [ZnO] = 0. 6, kh [SiO, ] = 

0. 6) T^-X-^nS^-iSCBt. 20 

mm (kh [ZnO] =0. 75. kh [SiO, ] = 

0. 6 3) T-¥A^n-5^Ct, 

mm (kh [ZnO] =0. 88. kh [SiO, ] = 

0. 6 8) ■e#x.eni)^Di:, 

mm (kh [ZnO] =1. 1. kh [S i O, ] = 

0. 8) -e-^^e.ns,^E<i:, 

M@ (kh [ZnO] =1. 3, kh [S i O, ] = 

0. »3) •^^^e>ni>^Fi:, 

mm (kh [ZnO] =1. 47. kh [SiO, ] = 

1. 0 3) T-^X-etX-S^^Gt, 30 
mm (kh [ZnO] =1. 61. kh [SiO, ] = 

0. 9 2) T#;%.€.nSj^Hi:, 

mm (kh [ZnO] =1. 75. kh [SiQ. ] = 

0. 7 7) i:. 

ffili (kh [ZnO] =1. 82, kh [Sia ] = 

0. 6 4) •V^^e,tl^^j t.. 

mm (kh [ZnO] =1. 6. kh [SiO, ] = 

0. 5 4) -X^^X^n^l^Kt. 

mm (kh [ZnO] =1. 41. kh [SiO, ] = 

0. 4 2) T-^^e.n«;iSLt, 40 

mm (kh [ZnO] =1. 19. kh [SiOi ] = 

0. 3 5) T-^x.^.tl-S.'^Mi:, 

Mli(kh [ZnO] =1. 03. kh [SiO, ] = 

0. 3 2) T^^^tL^i^Nii. 

mm (kh [ZnO] =0. 92. kh [SiQ, ] = 

0. 2 8) -v^^^n^i^oiz. 

mm (kh [ZnO] =0. 8, kh [SiO, ] = 
0. 2) •X^^?Li=>tli>J^P t, 

mm (kh [ZnO] =0. 66. kh [SiO, ] = 

0. 3) T-^^SnS^Qt. 50 



(kh [ZnO] =0. 53. kh [S i O, ] = 

0. 4 2) -e-^^'htl^,^'Rt, 

«ABCDEFGH I J KLMNOPQRA<^)t(rfSl 8 
*®iS^J"S^tr[^apiC, kh [ZnOj ikh [SiO 

[»^«2] |frlE;^iAi:,- " 
mm (kh [ZnO] =0. 98, kh [SiO, ] = 

0. 6) -c-^^<bn^^st, 

mm (kh [ZnO] =1. 1, kh [SiO, ] = 
0. 5) TJ^^SnSj^Ti, 

iSABCDSTMNOPQRAWgflEl 2*CD^^<&-^ 
tfrt^JC. kh [ZnO] tkh [SiO, ] lii)^^^ 

[»*«3] (i) y^^^>\'mt, 

(i i) itriEy-f-\r^:>HSo±tc?^fiKsn^@*Sffl« 

(i i i) t&f5Mi|iSffl«S8*S-3TSJrfE^^'r-\'^:>HJB 
©±tCJ^fiK$n-5 Z n OB 

(i v) gri5zno»®Ji»c?gfiRsn^«ifS«®i. 

(v) ttr|EttitM€ffi*goT«&fSZnOM©-h»C?^fi5i* 

|tfl2ZnOB<Di?$ tz Rt/ffitrlES i O, Mom-^ ti 

tci* 2 h*cD^®3*ttiS©SESA icov^T 

kh [ZnO] =2 re t, /A, 

k h [SiO, ] =2x /A 

tf-^A^nSkh [ZnO] RtJCkh [SiO, ] JCM 

bX, 

«i«l{Ckh [ZnO] . tfEttfCkh [SiO, ] 

^2^A7mi$^mmi^yy^z^^^x. 

mm i^ih [ZnO] =0. 4, kh [SiO, ] = 

0. 5 5) T-^^en-s^At, 

^S(kh [ZnO] =0. 6, kh [SiO, ] = 

0. 6) -e-^x.sns.'SBt. 

mm (kh [ZnO] =0. 75, kh [SiO, ] = 
0. 6 3) T-^x.&n-5;SCi:, . 
ffiSl(kh [ZnO] =0. 88. kh [SiO, ] = 
0. 6 8) T^^'^n^.^Di:. 

(kh [ZnO] =1. 1. kh [S iO. ] = 
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0. 8) T-^ASnS^^Et, 

mm (kh [ZnO] =1. 3, kh [SiO, ] = 

0. 9 3) T-^Ae-n-sj^tFi, 

mm (kh [ZnO] =1. 47. kh [SiOj ] = 

1. 0 3) T4-^e.n*^G<i:. 

mm (kh [ZnO] =1. 61. kh [SiO, ] = 
0. 9 2) T-^^e.n^,^Hi. 

mm (kh [ZnO] =1. 75, kh [SiO, ] = 
0. 7 7) T-%^ASn«.;ai i. 

J^S(kh[ZnO]=1.82. kh[SIO,] = 10 
0. 6 4) -C-^^ibtl^^J 

mm (kh [ZnO] =1. 6. kh [SiO, ] = 
0. 5 4) -^^^e,tl^^Kt. 

mm (kh [ZnO] =1. 41. kh [SiO, ] = 

0. 4 2) -C-^^<bn^.^Lii. 

mm (kh [ZnO] =1. 19, kh [SiO, ] = 

0. 3 5) -c-^A&n^^Mt. 

mm (kh [ZnO] =1. 03. kh [SiO, ] = 
0. 3 2) -CJ^ASn-S^i^Nt. 

J^^(kh[ZnO]=0. 92. kh[SiO,] = 20 
0. 2 8) -V^^^tl^AOt. 
mm (kh [ZnO] =0. 8. kh [SiO, ] = 
0. 2) T#;^e>n-5^Pi, 

mm (kh [ZnO] =0. 66. kh [SiO, ] = 
0. 3) •C#^6.n«>ilQi, 

mm (kh [ZnO] =0. 53, kh [SiO, ] = 

0. 4 2) -e^^Ae-n-s^^Ri:. 

«JABCDEFGHI J KLMNOPQRAOlftlB 1 8 
^(Dm^t:^tsmBiZ. kh [ZnO] tkh [S i O 30 

mm (kh [ZnO] =0. 98. kh [SiO, ] = 

0. 6) -v-^^^n^^sii, 

mm (kh [ZnO] =1. 1. kh [SiO, ] = 

0. 5) T4-^ens,^Tt, 

mHAMli, 40 

«cABCDSTMNOPQRACDttIIHl 2:$i(Dm^^-^ 
tfrtaJC, kh [ZnO] i:kh [SiO, ] 

ens c i s^fist-r-sfit*^ 3 \zfE.m<osmnmAm 

50 
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[51*315] ( i) ^^-f-^^>h*Jii:. 

(i i) i&sa^^-r-v^>H)i®±tcj^^$n*zno® 
(i i i) tismz nomo±\zm^^n?>mmfmt> 

(iv) l&iBa!iSI|ffi*«oTS(fiaZnO)l®±lCJ^« 

^rnss i o, mt. 

(v) iftiEs i o, m(o±.\zi^&^ti^mK&mnMiit: 

tfiaz nOJg®M$ t, 25:att(rfSS i O, t, 

kh [ZnO] =2 ;t t, /A, 

kh [S i O. ] =2 7t t» /A 

T4-A6n-Skh [ZnO] RZ^kh [SiO, ] l;iPI 

LT, 

«lttl«Ckh [ZnO] , mmiZkh [SiO, ] Sr4-^ 

jggS (kh [ZnO] =0. 4, kh is i O, ] = 
0. 5 5) -C^-X.^nS.i^Ai. 
mm (kh [ZnO] =0. 6. kh [S i O, ] = 
0. 6) X^^'otl^J^Bt, 

mm (kh [ZnO] =0. 75. kh [S i O, ] = 

0. 6 3) T-^Ae-^^.-SCi:, 

mm (kh [ZnO] =0. 88, kh [SiO. ] = 

0. 6 8) T^ASnS.«^Dt. 

mm (kh [ZnO] =1. 1. kh [S IO, ] = 

0. 8) T-^Ae-tl-S.^Ei:, 

mm (kh [ZnO] =1. 3, kh [SiO, ] = 

0. 9 3) T-^ASnSj^Ft, 

mm (kh [ZnO] =1. 47. kh [S i O, ] = 

1. 0 3) T4-Ae.n-5-'^Gi, 

(kh [ZnO] =1. 61, kh [SiO, ] = 

0. 9 2) -c^Asnsx^Ht, 

mm (kh [ZnO] =1. 75. kh [SiO, ] = 
0. 7 7) T-^A^tl-S^-^I 

mm (kh [ZnO] =1. 82. kh [SiO, ] = 

0. 6 4) T-^^&nSjSCJ t, 

mm (kh [ZnO] =1. 6. kh [S i Oi ] = 

0. 5 4) ■r#A.5n5^Ki:, 

mm (kh [ZnO] =1. 41. kh [S iO, ] = 

0. 4 2) T-^ASnSj^lLt. 

mm (kh [ZnO] =1. 19, kh [SiO, ] = 

0. 3 5) T-^K.e.n-5^Mi, 

mm (.iih [ZnO] =1. 03. kh [SiO, ] = 

0. 3 2) T#;%.en«);«(Nt, 

ffi:^(kh[ZnO]=0. 92. khCSiO, ] = 

0. 2 8) -c^^^n^^ot.. 

mm (kh [ZnO] =0. 8. kh [SiO, ] = 

0. 2) T-^^sns^api. 

mm (kh [ZnO] =0. 66, kh [SiO, ] = 
0. 3) T?#K.&nSj^(Qt. 




5 

mm (kh [ZnO] =0. 53, kh [S'l O, ] = 
0. 4 2) T#^e.n^,*CRi:, 

^ABCDEFGH I J KLMNO P QR AOttTlB 1 8 
*CDi&»&^tfl^^lC, kh [ZnO] ikh [S i O 

(kh [ZnO] =0. 98, kh [SiO, ] = 
0. 6) T-^A-Sn-S^Si:. 
ffi«(kh [ZnO] =1. 1, kh [SiO, ] = 
0. 5) T-^^LSnS^Ti:, 

*SABCDSTMNOPQRACD|fr|5l 22^cr)«S^*-^ 
tfrtSBtC, kh [ZnO] tkh [SiO, ] 

ens t i&it^isi-rsi**^ 5 izmm.<Dmm^^m 
^. 

(«*:«7] (i) ^^-^^ypmt. 

(i i) *58a^^-r-\r^>h*H©jiicj^fi5tsnse«sffl« 

(i i i) mmmiiimmm^m^xmmy^-y=e>\^m 

tlS Z n on 

(iv) ttiaz nOSco±{CJ^fiR$n-5«!iS«®i. . 

(v) KrfBaf§i«tffiS«oT|jS2ZnOS©±KJ^fi!cS 

nss i o. miz. 

(v i) ttfias i o. mo±\zm^-sn^mmmnmii 

tJIEZnOeoJIlS t, SafKrSHSiO, ®<DJ5tSt, 

k h [ZnO] =2x ti /A. 

k h [SiO, ] =2 7t t, /A 

T#;15n*kh [ZnO] RtKkh [S i O, ] trgl 

LT. 

«||ft(Ckh [ZnO] , iSittlCkh [S i O, .] Sr-^x. 

mm (kh [ZnO] =0. 4, kh [S i O, ] = 
0. 5 5) TJ^^enS^^At, 
MS (kh [ZnO] =0. 6. kh [SiO, ] = 
0. 6) T4-AStlS.^Bt, 

mm (kh [ZnO] =0. 7 5. kh [S i O. ] = 

0. 6 3) T-^AStlS^Ct, 

mm (kh [ZnO] =0. 88. kh [SiO, ] = 
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0. 6 8) T#ASn*;i^Di:, 

mB (kh [ZnO] =1. 1. kh [SiO, ] = 

0. 8) X-^^<on^.^Et. 

mm (kh [ZnO] =1. 3, kh [SiO, ] = 

0. 9 3) -T^-^^^n^^Fli, 

mm (kh [ZnO] =1. 47. kh [SiO, ] = 

1. 0 3) -V-^^^n^M-Gii. 

mm (kh [ZnO] =1. 61, kh [SiO, ] = 
0. 9 2) -C#A6n«,«Hi:, 
10 mm (kh [ZnO] =1. 75. kh [SiO, ] = 

0. 7 7) X--^A.<bn^J^l t. 

mm (kh [ZnO] =1. 82. kh [SiO, ] = 

0. 6 4) T-^;ie)ns^j 

J^^ (kh [ZnO] =1. 6. kh [SiO, ] = 

0. 5 4) T-^^^.nS^Kt, 

mm (kh [ZnO] =l. 41. kh [SiO, ] = 

0. 4 2) T^-^SnS/I^Lt, 

J^^ (kh [ZnO] =1. 19; kh [SiO, ] = 

0. 3 5) x-^^^n^j^ut.. 

20 mm (kh [ZnO] =1. 03. kh [SiO, ] = 
0. 3 2) T-%-A6n«,«Nt, 
mm (kh [ZnO] =0. 92. kh [SiO, ] = 
0. 2 8) T-^x.en-5^0t. 
mm (kh [ZnO] =0. 8. kh [Sia ] = 
0. 2) T-^AStlS^Pi:. 

mm (kh [ZnO] =0. 66. kh [SiO. ] = 
0. 3) -V-^A^n^MQi:.. 

mm (kh [ZnO] =0. 5 3. kh [SiO, ] = 
0. 4 2) -V-^^-Stl^ARt.. 
30 ItrlB^At^JiiJCi^^-Ci^^. 1 8*:Oil8^J-*^eBKS« 
«ABCDEFGHI J KLMNOP QR A®StrE 1 8 
2|s:®i»^J'SfrtJI*jSP»C, kh [ZnO] tkh [SiO 

m^ms] taisj^At, 

mm (kh [ZnO] =0. 98. kh [SiO, ] = 

0. 6) T-^^en-s^^s 

40 mm (kh [ZnO] =1. 1. kh [S i O, ] = 
0. 5) T-^-^SnS.-STi, 

Wf5;S[Ot, 

lfFlH;^Ri:. 

iaiE^A<tswJcift^-e«^, 1 2 2|s(DiiS4}-*^efiX-5M 

« A B C D S TMN O P Q R ACDttrE 1 2 JicO^^i-*-^ 
50 tyWaSfC, kh [ZnO] tkh [SiO, ] 
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[«*«9] (i) :r-f^^>FB<h. 

(i i) mw.3^-i^'t>}^m<D±izmis.$n^mmmm 

(i i i) «frfB®S«SS8loTlftlH^^'f-\'^:>HB© 

(i v) StriaZnOji©±{CJ^fiJt$n-5@iS&ffl««g<!:, 
(v) l?ffS@«Sffl«ffi*So-CKrf2ZnO)S©±Jc:jgfig 

fc*f 2 K©SM?*14iftoift:B A lc:3ViT 

k h [Z nO] =2 7t t, /A, 

k h [S i O, ] =2 TT t, /X 

-e-^^e.tl-5kh [ZnO] RlJCkh [S i O: ] CM 

«ltt!ck h [ZnO] , ^ttlckh [S i O, ] 

jgg|g (kh [ZnO] =0. 4, kh [SiO, ] = 
0. 5 5) T^ASnSjiSAi:, 
mm (kh [ZnO] =0. 6. kh [SiO, ] = 
0. 6) -C#^e.n-5^Bi:, 

JgES(kh [ZnO]=0. 75. kh [SiO. ] = 
0. 6 3) T^^StXS^Ct, 

(kh [ZnO] =0. 88. kh [SiO, ] = 
0. 6 8) -C-^^6tlS,^Dt. 
M tkh [ZnO] =1. 1. kh [SiO, ] = 
0. 8) T#^6n-5ji§iEt, 

J^^ (kh [ZnO] =1. 3, kh [SiO, ] = 

0. 9 3) T-#^Sn-5^Fi:, 

JSS (kh [ZnO] =1. 4 7, kh [S i O, ] = 

1. 0 3) T-^X-^nS^Gi:, 

J^^ (kh [ZnO] =1. 61. kh [SiO, ] = 

0. 9 2) T-^A^ns^Hi:, 

Wm (kh [ZnO] =1. 7 5. kh [SiO, ] = 

0. 7 7) -Tm-T^^n^j^l t, 

mm. (kh [ZnO]=l. 82. kh [SiOj ] = 

0. 6 4) -c#A^nsjiSJ 

ffiS(kh [ZnO] =1. 6. kh [SiO, ] = 
0. 5 4) T#X.e.nS^K<i:, 

(kh [ZnO]=l. 41. kh [SiO. ] = 
0. 4 2) T-%-A6tlS^Li:. 

(kh [ZnO] =1. 19. kh [S i O, ] = 
0. 3 5) T-^;^5nS.^Mi. 

(kh[ZnO]=l. 03. kh[SiO,] = 
0. 3 2) T-^^etl-S^^Ni. 

(kh [ZnO] =0. 9 2. kh [S i O, ] = 

0. 2 8) -c#x.6.n5.^ot. 

mm (kh [ZnO] =0. 8. kh [SiO, ] = 



5) i^l8^9-5 1248 

8 

0. 2) T-^^Stl-SjSPi:. 

m^ (kh [ZnO] =0. 66. kh [SiO, ] = 

0. 3) -xm-TLf^n^^^QiiiL. 

jffiS (kh [ZnO] =0. 53, kh [SiO, ] = 
0. 4 2) T#Ae)n-5;*iR<i:, 

«ABCDEFGHI J KLMNOPQRA^taiSl 8 
^c^iSSii-^^tyrtaPtC, kh [ZnO] tkh [SiO 

10 mim. \ 0] MiHj^Ai. 

J^S (kh [ZnO] =0. 98. kh [S i O. ] = 
0. 6) T#^6.tl-5;^S<i:, 

JffiS (kh [ZnO] =1.1. kh [SiO, ] = 
0. 5) T4-x.e.n«;^Tt, 

20 ttriB^iSot, 

Krffi^At^JBtCita^i-TifS^. 1 2*C0«^55>^figS^ 
^ABCDSTMNOPQRA©t&fai 2^(Dm^^-^ 
tSp^mz. kh [ZnO] ikh [SiO, ] i:*^-^^ 

30 [0 0 0 1] 
[0 0 0 2] 

■e-Sfc*(C, JE«#:©S®Ji{CA;'Jfctl;'5Wl*r®«![S« 
©(interdigital transducer) Sr{i;^-5fi|jfi5:WT-5>. 

50 ffiio^ttiSoeiSjSavt^iS. 
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f. =V/A, 

[0 0 0 3] b^^L,. GHz^x-^mz&i^-r^ms^ 
ttk® fiMiia V siiiD $ -e-^ © v^TtiTj^ A. J: 

[0 0 0 4] mrzAmj.wiii^(Dfzi!t)izit. m^mmMm 
m&^m&w^^ (TCF) mzsizBMm<Dmmz^^m 

[0 0 0 5] K' «feSSS:*:^<;&:Vit, mSWm& 

m^ti^xmrnizmi^^^^, k' ©ifsbviina^. a 

= 0. i5~o. 7%m&, tpi^wt.y-^}i^—iz}t, K 
' =0. 7~3%@«. i2:«ia:7^';i.5'-{c«. k' = 

[00-06] :*:#;a:gJI8jifiRt^:*:#;a:«IIt8l*MS^'P^ 

re^snxti-s. i^M^i -3 3 9 5 2 uc«, 

«pe¥6-2 10 11 3\Zit, y-r-V* 

>H±tcL i Nbo. ^m^Ltzms^mi^m'^^m^ 

SnXVi-S. ^fc, !RfS¥6-2 10 10 StCtt, ^'-f 
^r^>HJi{CL i TaO, *J^fi!tbfc«®#'ltS[ig^75« 

[0 0 0 7] Hfc, :*;^^ea3iaSRt)f::^^^««tS« 
«S-&#l^{cj!jgAT/jN$ C F n i a M t b 

2 2 4 7 5»Ctt, ^-r-^^:> K®±{C. Ml'. ZnO, 

s i o, tw^^nft&m^^&mf-^m^-^nx^^ 

-S. ^fc, i^iSsp 7 - 2 1 5 9 8 JCtt, ^^'r^t>h*CD 
JI1»C, L i NbO, . S i O, *i?^BgSnfc«® 

[0 0 0 81 02«. ^ffi?*tt«tm?©a«jts:^ajs-r 

•S. !!$ra¥5-2 2 2 4 7 5T«, i^ftCl J^^— 

a-r-scittcjco, 0 2Jc^sn-5J:5*i^®?>'tt&^ 

^Wl^.<r;a:B«jttC*tbT. if^bViV. K' RCJ^TC 
F^^SbTtriS, 02 (e) {C^^SnS^'-f 50 
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:/E©fl|jgtC*tbT, IJife^— KSfiJfflbT, V=8, 
000~10, 000 (m/ sec. ) , TCF = -1 
0~10 (ppm/'C) . K' =0. 7~1. 7 (%) 

^iij^bfc. ^fc. 02 ih) \z^-^n^^'-<yB<Dm 

it»C*rbT, i;*:^-H<£fiJfflbT, V=8, 0 0 0~ 
1 0, 0 0 0 (m/ sec. ) , TCF = -10~10 
(ppm/lC) > K' =1~3 (%) S:il^b/t, ^ 

fe, 0 2 (f) \zm^ti^y^-fF<DmmzMvx. i 

^^-HSfiJfflbT, V=8, 0 0 0~10. 000 
(m/s ec.).TCF = -10~10 (p pm/ 
r) . K' =1. 5~4. 5 (%) SSfi^bfc. ^fc. 
0 2 (d) iCa^$tl*iS''fyDO«)gH*fbT, i;*:^: 
— K$fiifflbT> V=8. 0 0 0~1 0, 0 0 0 (m/ 
sec. ) , TCF = -10~10 (ppm/'C) . K 
' = 0. 8~2. 3 (%) ^m^iytc, 02 (g) tc^ 
$tlS5'-ryG©«jfi{C^bT, 1?«^^-H*fijfflb 
T, V=8, 000~10. 000 (m/sec. ) . 
TCF = -10~10 (ppm/'C) , K' =0. 7~ 
2. 2 (%) Silfigb^, 

[0 0 0 9] 4*S¥7 -2 1 5 9 8tt. )Em**^tC 

Li NbO, *||ViSCi:tCJ:0KifipttS:M{Cl6]_h$ 
•e-. V=l 1, 000~12, 500 (m/s e 
c. ) , TCF = - 1 0~1 0 (ppm/C) > K' = 
7. 5~9. 5 (%) Si^figbit. 

[0 0 10] 

0&fflvm(*, Li NbO, -^LiTaO, ^©f&Wffi 

tb. zno^m^^x±.m<om^^^miz\si±^-^^:iiz 

[0 0 11] 02 (a) O:?-ryA^02 (c) 

©^''f T'CODJc^iC. ^-l'-^^:>F<i:ZnOH<i:®ra{C 
^«Sffi©«S*Wb;S;Vi«f)t©«®#14iS*^{c*fb 

T. ±m<ommn^[^±-^'^^^i^h±^^\zMm^^& 

T, Z n OHOJ^^^fCA 1 l?©^J||«ffi:*^#ffibfctVi 
fc*, Z nO©JBfiglc*5ViTMS^fr^*^:*:i|St-MfD^ 
n. iSjfiO^SO-^Z nOSWiSK^lBl-blcW^ijT&Sjt 

[0 0 12] 2|ii:5£g«tt. ±|E©tt?5ElC^*T75:Snfet> 
©-C$)D. ^^'r-\'€:>H±fCZ nO»/5^J^^$nfc«]t 

b, ^if/ieasa^^fe^^-r^^ticcfco, iis 

[0 0 13] 

«. (i) y'r-^*>K«i. (i i) y'ri'^>H]S 



( 
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\zm^-^rL^mmmmt, ( i v) wsw^issotz 

nO»®±(Cj^fiK$n-5S i O, Si^ ^MX. ZnO 
HOJS^t: SC/SiO, B®J?Sts (C*fL/, 2*^ 

k h [ZnO] =2 7t ti /A. 
kh [S i O, ] =2 7C ts /A 
T-^^e-n-Skh [ZnO] RZ^kh [S i O, ] JCH 
LT, «lttltckh [ZnO] , ffitttckh [S i O, ] 
^^^^2'M7cm^&mf^yiZ^^^T, J^S (kh 
[ZnO] =0. 4, kh [SiO, ] =0. 55) T 
-^^SnS^i^Ai:, jffiSI (kh [ZnO] =0. 6. k 

h [SiO, ] =0. 6) T?#^sns;aB mm 

(kh [ZnO] =0. 75, kh [SiOj ] =0. 
6 3) T#^e)n-5;iact, (kh [ZnO] = 

0. 8 8. kh [SiO, ] =0. 6 8) T-^itStl-S 
j^Dt. mm (kh [ZnO] =1. 1. kh [S iO 
, ] =0. 8) T#Ae.n^^Et, mm (kh [Zn 
0]=1. 3, kh[SiO, ]=0. 93) T-^Ae 
nS^Fi, mm (kh [ZnO] =1. 47. kh 

[SiO, ] =1. 0 3) -V^pL^ftl^^Gt. mm 
(kh [ZnO]=l. 61, kh [SiO: ]=0. 
9 2) TJ^A^.nS.-SHi. mm (kh [ZnO] = 

1. 75. kh[SiO, ]=0. 77) f J^ASn-S 
^1 J^S (kh [ZnO] =1. 8 2. kh [Si 

O: ] =0. 6 4) T-^Ae-n-s,^: mm (kh 

[ZnO] =1. 6. kh [SIO, ] =0. 5 4) T 
^^e,tl^^Kii, mm (kh [ZnO] =1. 4 1. 
kh [SiO, ] =0. 42) T-^A ^tl^.^L iz, m 
m (kh [ZnO] =1. 19. kh [SiO, ] = 
0. 3 5) T#;t6n*;^Mt, mm (kh [ZnO] 
= 1. 03. kh[SiO, ]=0. 32) •V-^:^?>t\ 
^M.Nt. mm (kh [ZnO] =0. 92. kh [S 

i o, ] =0. 2 8) -c-^x^n^j^oii. mm (kh 

[ZnO] =0. 8. kh [SiO, ]=0. 2) T-^ 
^^n^M.Piz. mm (kh [ZnO] =0. 66. k 
h [S iO, ] =0. 3) T'-^A^nS.'^Qi:. mm 

(kh [ZnO] =0. 53, kh [SiO, ] =0. 

4 2) -Q-^7L^n^.^Rt. ,^Aii^mizm^-vm^^ 

1 8 2|c©iK^Ai6jK;5M«ABCDEFGH I JKLM 

NOPQRA© 1 8*ODi|g:$i'^r-&tfrta5iC, kh [Zn 

o] tkh [SiO, ] iit^^^^n^:it.^^m^-r 
-5, z.(Dm.m^iSai^<Dmmt, 02 (a) izm^-^n^ 

[0 0 14] d^^M^tt&^^tt, V = 8, 0 0 0- 
12, 0 0 Om/s e c. , B.'PTCF = - 1 5~1 5 

ppm/t:, =0. 4~i. 3%*<Sl^^rn 

•5. i;*C^-K{Cj*UTO. 0 5dB/«tS, 2 

:;!i<c^- HJCMbX 0 . 0 3d B/iSScD€J8a5feSr|ga 

■rs. MIC. z.(r>^^is.mmt.. m=f-(ommz^m-^& 
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[0 0 15] ^fc, ^^B^CD^-ryACDltjfi©*®?*^ 
^At, j^Bt, ;^Ci:, ,^Di:, (k 
h [ZnO]=0. 98. kli [SiO, ].= 0. 6) 
T^PLion^l^St, mm (kh [ZnO] =1. 1. 
kh [SiO, ] =0. 5) T-^A^n-5,*CTi, 
t; ^Nt, ^Ot. ^Pt. ^Qi. ^Rt, .«At 
SJ(itri»ii"T«g,», 1 2 2^®i|gii-*^ Sfigsm^A BCD 
STMNOPQRA©! 22^(Z)iSi^J-*-^trF«3aiC, kh 
10 [ZnO] ikh [SiO, ] t*i-^ASns dtSi^ 

[0 0 16] ::«)«®#l±gtm^o«-&», v = 1 0. 

0 0 0~12. 0 0 Om/s e c. > J.-PTCF = - 1 
5~15ppm/'C, J.^K' =0. 4~1. 3 

l^^-FtC?*LTO. 0 5dB/ig 
2 5*C=E-F»r*fL'TO. 0 3 d B/jS[Scoe«a5«c 

[0 0 17] ^1®, «|tttCk h [ZnO] , ffi^WtCkh 

20 [SiO. ] ^^^^2:K7msimmif^y\t.. sue 

*#:e<I»C^J^$nTVi-5, ^fc. ifHOffi^ABCDE 
FGH I J KLMNOPQRAMt/IC^^ABCDST 
MNOPQRAfc. 0 1 iC^aj^StlTV^S. 
[0 0 18] 2|E%?8®SiJ©«®?Htjft5tS^«. . ( i ) 5^ 
•ir^r>HBi:. ( i i ) ^-f-V^^HHcOiJcJ^figS 
n-5Si!i&ffl«St, (i i i) @i?&ffl«S^SoT^-r 
i'^>KS©±tCJ^^Stl-5ZnOSi:, (iv) Zn 

om<n±\zi^}^^n^mmMMt. (v) ttiiMSS^a 

^TZ nO)i(D±lr}^fi£$n^S i O, Mt^M^^^ 
30 ffi^ttaS^^TSoT. m«ABCDEFGH I JKL 
MNOPQRAWl S^Oite^J-^-^tri^SPtC, kh [Z 
nO] tkh [SiO, ] t-Hfl^^^tl^Ct^mmii 

-r^, c:®«®5*itis^ss^©«tjttt. 02 (b) \zm^ 

sns^-frBT^-s, 

[0 0 19] ::cD«®#ttiS^^«. v=8. ooo~ 

12. OOOm/sec. , J.OTCF = - 1 5~ 1 5 

ppm/r, JLOK' =0. 8~2. 3%75i*^$n 
i;^^-H{C?*UTO. 0 5dB/iSfi, 2 
K {CMLT 0 . 0 3d B/&Sofias«^^'b^S 

S "So 

[0 0 2 0] 2ti:f£e3©:S''f :/BCD^B#'t£iSi^?' 

tt. M«ABCDSTMNOPQRAC01 22(£©iS^i'* 
^trrt^lC, kh [ZnO] tkh [SiO, ] i:*^-^ 

[0 0 2 1] V=10. 0 0 

0~1 2. 0 0 Om/s e c. . |L-:>TCF = - 1 5~ 
ISppm/X:, fi-PK' =1. 6~2. 3%7jt||^^ 
n, i;*C^:-H{C*fL.TO. 0 5dB/iKS> 2 

50 i^C^-HtCj^bTO. 0 3 d B/igS©efflHa^Ji*^^ 
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[0 0 2 2] 2js:%|g©giJ©affi?»ttSt3^^ ( i ) 
'r-V^>HH<i:. (i i) y-f-\'^>F)i©±tCJ^fiS$ 
n«ZnOJlt> (i i i) Z nOBO±tC®fiRSnS 
SKS^Mt, ( i v) SfMrnM^SoTZ nOBO±lC 
J^^^tlSSiOj Hi, (v) S i O, SCDJitCj^^ 

^«ABCDEFGH I JKLMNOPQRA©! 8* 

(Dm^^^t5\^W'\Z. kh [ZnO] tkh [Si 10 

El 2 (c) ic«aj^$n5^'-f T'c-eab 

-5. 

[0 0 2 3] V= 8 , 000 

~1 2. 0 0 Om/s e c. , J.OTCF = - 1 5~1 
5ppm/t:. =0. 3~0. 8S6W^tttg** 

mm^tl^. 15*C^-}«tcMbTttO. 0 5dB 

2^^^-KtC*fbT«0. OSdB/iSficDe 

mmzmm-v&i>. 20 

M^ABCDSTMNOPQRA©! 2/^©«S4J'Sr 
^OrtSISJC. kh [ZnO] tkh [S i O, ] i**-^ 
A S C i t L T t) J: Vi. 
[0 0 2 5] V=10. 0 

0 0~ 1 2, 0 0 Om/s e c . , l.-:?TCF = - 1 5 
~15ppm/TC. fi'PK' =0. 3~0. 8%^)^^ 

SdB/iSS, 2:^^:— HlC*t-UT«0. 0 3dB/& 

[0 0 2 6] zlEfSMCDS'JO^SSHtSESl^ti, 

(i) 5^-fi'^>KB<i:, (i i) ^=i:>\^m<D±. 

\zm^^fi^m.WtmnMt. (110 @i^fl§«@^® 
v) znom<r>±.\zm^^n^W'MW&tL. <v) ®m 
(v i ) s i o, m(D±.\zm^-^n^m.f^mnMii^^ 

;tSSH#1£i6*^Ta5^T. m«tABCDEFGHI 

J KLMNOPQRA©! 8*:<DiB{^*-g-t?P«3a5{C, k 40 

h [ZnO] iikh [SiO, ] iilfi^-^i^tl^ Z. 

^mtr^, c:o^®#ttiSo«jttt. 0 2 (d) \zm 

[0 0 2 7] C0D«®»tt&SlT(C*3ViT«. V = 8. 
0 0 0~12, 0 0 Om/s e c. , fiOTCF = - 1 
5 — 15ppm/"C, fiOK' =0. 6~1. 8%*^!! 

issn. tm»^\t. i^k^e-inzni'Xito. 

0 5dB/SS. 2*^-h*tcS*bTtt0. 0 3 dB/ 
JSKiC^-fiJTfe-S. 50 
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[0 0 2 8] ^fc, ^^iBWt^'fyDO^SWttjSSg^ 

M^ABCDSTMNOPQRA® 1 22|!:(^i^5}-^£ 
^tJrtaPiC, kh [ZnO] izkh [S i O, ] iiS^^ 

[0 0 2 9] Cl©«®?*ttJft*^lc:*5ViTtt, V= 1 
0, 0 0 0~12, OOOm/sec. . E.OTCF = 
- 1 5~ 1 5 p pm/t:, SOK' =0. 8~1. 8 
5S. ei»f«*«> i;*:^-h*IC*tUT«0. 0 5dB/ 
JS^fi. 2;^^:-HiC^UT«0. 03dB/feS©, ® 

^m^mm^n^. mz. z.<D^oum^it. m^f-om 
^izmmx'&^, 

[0 0 3 0] :^H^^<DmMWitm.m^\t. ad 

y^^^>\'mt. (i i) y-f •\'^:>h'H®±(CJ^^ 
$n^fifS«®<i:, (i i i) fiSattMSrffioXy-l'ir 
^>Ha®±lCJ^f!S5n-5Z nOBi. (iv)ZnO 
g®±lCJgfiSc$n«@*&ffl«@<i:, (v) MlS^mffi* 
SoTZ nOB<7)±(cj^fig$n-5S i Oi HtSffiX-i) 
Sffl^ttJS^^Tib-pT, m«EABCDEFGHI JK 
LMNOPQRA® 1 8:*:©«g5}-S-&tlrtgRtC. kh 
[ZnO] tkh [SiO, ] td^-^^StlS 31 

(f) \zmm-^ti^^^yFx$>^. 

[0 0 3 1] ClcD^S^tt&^^lCiStiTtt, V=8, 
0 0 0~12. OOOm/sec. , E.-PTCF = -1 
5~15ppm/"C, E.::?K' =0. 15 — 1. 4%, 
eiSa^Ji. i:;^i:^:-h*tc*tbT«o. 0 5dB/ag 

2J»C^-HtCjtUTli0. 0 3 d B/j^ficD, ^tt 

[0 0 3 2] ^yt, :^^m(D^^-CZ^F(D^m^^&^^ 
\t, M^ABCDSTMNOPQRAOl 22|!:0«a^* 
■fetrrtSPJC, kh [ZnO] tkh [S i O, ] ti)^^ 

[0 0 3 3] CKDSSSHtaSlgi^tCtiViTtt. V= 1 
0. 000~12, 00 Om/s e c. , J.:pTCF = 
-1 5~1 Sppm/t:, jaoK' =0. 4~1. 4 
%, l^^:-HfC*fLT«0. 0 5dB/ 

jfifi. 2:;!5c^:-H{C*fbT«0. 0 3dB/t6fiC7>. » 

[0 0 3 4] JUA±, cne>omi^ABCDEFGH I J 
KLMNOPQRAMWCMISABCDSTMNOPQ 
RAt)IU«{C. 0 1 trt^J^StlTVi-S. 

[0 0 3 5] 

[0 0 3 6] (tr-r-V^r^H) *5!58T?tt. 35«SM^^'f 
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[0 0 3 7] ^jKcD«-gr«. ^<Dmmii^±miimm<Dm 

CD 0 3 81 ^fz. -&^:5^'f-\'^>H CV 
D, >y^-T-'f ^i'ft. PVD, my'fy:^>h 10 

[00391 (znoQ) fctieo it^m^^mm 

^=^<7)Z nO)I$'^^-r-S>ZnO«, c WEf^lttZ n OT 
SS^liTiWiH/i. diUC, cttiEreiTa&'5<i:«. Z 
nOJRO (0 0 1) ®d^a«it¥ffT*«J:^lC?g^S 
n-5^i:&V»5. J^figSn;tZnOje3i«cttiHro]T*D 

20 

[0 0 4 01 (S i O, «) *%?gictigofc«®#tt^fe 

[0 0 4 1 1 7^^m\zm^^t&m^\ii&m^<Ds i O: 

[00^421 Sfc, Si O, SCD«iiS#tt&oeJfiiSS 

mt. S i O. B<D«tB#tta£0^3taE7iilt;*:-r-S 
5&i, y'r-V'^>HRatZnO©-Ctt«®»14«Oi5JRiS 
K«M^>-r^. SeoT. S iO, *«:5^'f-\'^>H25ct)fZ 

[0 0 4 3] *%HJ©«ffi#tt&^i^(C-& 

^n^mmmM(Dmmm^m'&> mi 2 (a) roj 
(b) ics^r, 012 (a) «v>i';i/«ffi-e«)0. 
(b) tt^^:/;v«ST?*«. 40 

[0 0 4 4] *%BJ©«®?*ttffic^^^T}i, fi5MftS« 

[0 0 4 5] fifM«®®J?$lC!t^lc^J$<)«;/5:Vi*^. 1 0 
0~5. 0 0 0:t>i^X hD— ASSOI^STfeSili: 
1 0 0*>y:x hD-A*8S9T«Jtta^** 
ii5<;5:oaii^d«ii3jp-r'5. — 5. ooo^^^xh 

Hm^mi!>m\^<u^o 50 
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[0 046] m^&mnm) n^^^n^^jt-r^fttb 

[0 0 4 71 @«&IHIt®COJfttF{ci^{c^J^i<)tt;^j:t.i75i, 5 
0~3, 0 0 0:t>i^X ha— AS*®IPST'$)-5;it 
dSjif^bVi. 5 0;t>i'X hn— A{ct^/i7a:</ii^«i4 
(Dm^i!)mmt^3.K» . ^ft. 3. 0 0 0^>i^;^hn- 

0 ~ 5 0 0 :t>if7, h D-AgSd^'MfCif ^ UVi. 
[0 0 4 81 

[0 0 4 91 mmmi) :^mmm-v\t, 02 (a) 

02 (c^$n^J;-pJc. ^HM^JW^Sfl'ttig^ 
^10a«. y-l'-\'^:>Hffll 2(D±lCZnOai 4;^^ 

j^^sns. z n ojs 1 4 ®±fctttifssffi 2 0 

[0 0 5 0] :^mmmxit, eJSj$*v. «^ts«^^ 
ssr«jS{fr-5;tJ6> y-r-¥^>H 1 2±{c?^^-rsz 

nOiill 4B:0:S i O, Ml 6 off ^Srfg^T^fi&coa 

v» K' , TCFst;ceJ»«^«csa!l3ebfe. 

[0 0 5 1] Mi^miZit. y-1'-^^:>F»l 2 (Discs' 
20MmtL', ZnOS14CDff$tt, 0. 25~2. 
5/im©3gHTl 0aS> SlOj @160ff$«. 

0. 2~2. 0 tiin<Df(m-ci ommthft. Z 
m.<Di&&xizmhxm^mizmm'r^jtsb. mm^s- 

2 2 2 4 7 strait. 2"30/'«7^— 3^ : 
kh [Z nO] =2 TT t, /A. 
k h [S i Oj ] =2 ts /A 

[0 0 5 21 2|s:Sli6«»JO^®?iitt&*^tt. EtTO«k5 

[0 0 5 3] 1 0 X 1 0 X lmmOTffe^=b"5> (10 
0) ® SWT -5 3 cnSV^i'aJJt:?' 

>jmt:m.m.hX. S.!t-Mm\ZHt : CH, =2 0 0: 

4 OTo r r. SSSSA^S 5 O'C. T-T pS[>'1•7- 
*<4 0 OWCO^-f i^nJSy^XT^^Tt?, j:E<^S i 

mw.±izm^2 0 uma:)y^^=E>\fnmi 2^mm^ 

•v>A**^53c0tHU. :*:^tt'{C4 5 0X:-C1 Oii-M*Sc« 



[0 0 5 4] 'A\z. ^-(^=E>\(mmi 2(D^m^mm 

W^rtJClSAb. 5^Y>A-rtlCAr : O. = 1 : 1 CDS 
-&:y7.&8iEUo^, T^ny^miJi sow, S«aS3 

8 O'CroXZ-^-y^'J >i*'^#TT, ZnO^;^a#<^5' 

BfjewiSSO Z n Ofig 1 4 

[0 0 5 51 -S-LT. ZnOJKl 4<D±iZ, IPS 3 0 0 
;i->i^;?, ho-AOA 1 a$ffitn:J!)D^ffif-J:0^«b 10 
ft, ikt^T, 7* h'jyi^77-i'-S.t/x-;/5^>i^{tJ; 

'&5gll4§4 0 0 MmCD#MV^2 0 t:m^Lfto 

[0 0 5 6] m^&m : 1 5 OX:, ismw^u 

- : 2 0 OW. : A r : O, = 1 : 1 

ffi:;'3:0. OlTorr, h : S i Oj ©^fr 

[0 0 5 71 j^±Oj;5tC. 02 (a) {C^$tlS«Ejfi 
&Wb, SiO, )iRatZnO)iOJ?S®S^«.aM» 20 

^®A;'j{B'M@lCiS^&«:'3S:HJJPbT2^*C^:- K©S 
®#ttJ8tS:Si)eS-a-, V=f A (f : ^ijj^iSgC. A = 
8d = 8xim, d:ilHiB=lMm) ®K#j5^&, 81®$ 

toL-U-y h/t-;/;^J— HttSi. 8 7 9 1 A) 2:fflViT2 

K' = (G/8) • f , • C • N 30 
( f 0 : ^>hmimi, C : «!fM«@<0^#«§«, N : 

[0 0 5 8] MfC. TCFO2a!l^tt^^®a0Ta&-S. ^ 

[0 0 5 9] jgfc. ej8«^*jii^-r^fe*tc, 

ffiWrnSi : 5 OaS^S, 1 0 OiRfi. 1 5 0 jgft) . 

[0 0 6 0] Sfc. €-«ffi#1t&^^OZ nOJiCDIE?S 
^ffS t, ROCS i Ot m<r>l£msM-& t, «, ±flH© 

RO^t, *^6kh [ZnO] RD^kh [SiO. ] Sr* 

(0 0 6 11 ^iiM^fiucjcDf^iSsnfc^B^'ttJS?^^^ 

{C^ViX, Z nOS 1 4 0J9Si:S i O, 816©;?$ 50 
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lCJt-r-5«^ilS^«&K' ®^ft«EI3fw«L.fc, BIS 
\t. €Mi!S-&^S:K' Okh [ZnO] St/k h [S i 
O. ] <i:OM#^^-r^^7-C*0, «^tti{Ckh [S i 
O, ] > «i«llCkh [ZnOl'stD, tt^iSS'&^ScK 
' ^/-^^^t-iftUfckh [ZnO] tkh [Si 
O, ] tOH^SSJ^Lfe, tie^T, i^^^cD^ftSatC 

jisv (m/sec. ) wnmm&m'^'^ c'p (p 

pm/t:) tcBIUTt>, ZnOai 4CDiiJ$tS i O, 
@1 6©JP$JC*tr-5iEYt:S:fFffiL';t. ny^—9V0> 
kh [ZnO] Ryfkh [S i O, ] iOS^S^f^ 
57*, PlitHcEl 1 0 /i^^— ^'TC FOk h [z 
nO] Rl/^kh [SiO:] ii(Om¥k^^-t if y 

1 1 (c, -5-n-en«b;'S:, 

[0 0 6 2] MfC, ail3£Stlfcma*tt. I'A'h-Y^ 
{CS#LTttO. OSdE/SS, 2;*C^-HJC**UT« 

0. 0 3 dB/feST?i&:3fco 

[0 0 6 31 2 ~ 7 ) iijg^j 1 t.nm<o:f3mt. 

T, 02 (b) ir^$ns^'-r:'B©^fiS<o«M#'tt& 
m^^l 0 b^f^Sibfc, Sfc, HM^J 3 <!: LT, 0 2 
(c) {CS5$n-2>5'<7'C«0«fiK(D^B3»'tt&Sg^^l 0 
cS, ||JS«^4i:UT. 0 2 (d) lr^SnS:S''f :/D 
©«^R©«®#14iS*^ 1 0 d JIM^^J 5 t LT, 0 
2 (e) irs^sns^-f yEO«^S<©«B»ttaS^^l 
OeS, ^Jg^jetUT, 0 2 (f) \zm-&in^9^zf 
FO«^©«®3»tti![*^ 1 Of*, IIM^siVtbT, 

0 2 (g) tC^Sn^^-f :/GO«J5)c©«®»'tt«[3}S^F 

1 og*. ^n-ipnf^ssiLfc, 

[0 0 6 41 CdX, #j|J6^JlcJ;oTS!fS««iOgSe 
CX4 (^"f:/D) I^Jg^Jl tl^^JCZnOWl 4 

jgfiK^icz nos 1 4 jiicsiM^ 1 iiwimzmmmm2 

:/F) RUt7 (^'^yO) Tftt, ^^'f^*>H)il 2* 

J^^Sby'f'\'*>H)ll 2«B*W^^, ZnO)Sl4 

ffi2 OSrjF^figL/t. -e-lxT, c:OfiifM«S2 0S«'5i 
■5»C, :J^-f-\'^:>Hei 2 0Jt{CZ nOSl 4SJgfi!cb 

[0 0 6 51 Sfc. ^'-f^^B, ^-f^^C, ^"I'T'D, 
:^FRaf3"f ycictt. Ml&fflttffi2 2, 2 4*«?gJ5!t 
$nTl»«. ::Ofi[|&fflfllffi2 2. 2 4 ©J^fiRttiJiT© 
jlOT^ofc. Si!i(g^J2 (^'-rrB) RtX6^'-r:^ 
■iZ^F) Ttty-1'i'^>F® 1 2JKfigL^©^®*WM 
Ufc^. lt$2 5 0*>i';:^ hP-ACDT;i/5— ^^A® 

rsj:5ic®i^ffi««i2 2 3&<}gfie$nfc. ^m«»J3 
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-fro RtJCy iff^y-G) 'S i O. "@1 6}gfiR 

^tr. SiO,)I16(D±tC. |^M0iJ2 

«»J2i:R1$<D:/n-feXK:J;r), 5^'r^^:> HJl i 2<oJi 

\zmi^mm.m 22^. znoaie o±{csi&ffl«M 2 
4'^^n-^nm!$.hrzo c:n^^«&ffl«a2 2, 2 4« 

[0 0 6 6] HM^J 2 ~ 7 ©ViTntCiDViT*) jlSfi««J 1 10 

^m^i^rco mi^mzit. mmmi tn\^<. 

>H®JSSS2 0 MmtU, ZnOJKOJ?S«. 0. 2 

5~2. 5 wmO^HTl oaa, S i O, 

tt, 0. 2~2. 0 ;xm©3gHTl OaStbfc. ^ 

fc, «B#tti!KO«SAJC»bTZnO|gCDJ?S t, R 20 

kh [ZnO] =2 ;t t, /A. 
kh [S i ] =2 7C ts /A 

[0 0 6 7] -^-LT, *M^J1 <i:[^fll«:^j*-e, »6n 

■€-Lt;, f^SSSnfc«ffi9iittS[5^^l::t3iiT, ZnOH 

1 4 <Di?$ t S i O, WIS {C3*-r-5«^i^^«S 
5^K' (D^<t$04~9JC^b;t. 04~9fi, 30 
^^^I^K' Okh [ZnO] RO^kh [S i O, 3 <0H 

D) , 0 7tt5i*6^j5 (<$'-i':/E) ..m^\t.mMms 

i5ttS«Sti|g^#fi:K' Okh [ZnO] Rt^kh [S 

iO: ] (om^^m-r. 

[0 0 6 8] ^fz. *fc:. eMiSaVRC^^StlScMSi^ 
itTCFtcML-Tfe, ZnOSl 4®0;SiS i O, H 
1 6©/5*JC**t--SfBfl:*i?ffiLfc. S^li(g«»l2~7T?» 40 
SnfeVWkh [ZnO] RO^kh [S i O: ] i<OH 

iijs^ji-r»e.nfct><7)<i:i^— cDi^*dt#e.n. 
fc, i*£^T, cn«ai otcs^n^, tcfo 

kh [ZnO] arXkh [S 1 O, ] 01 
1 {c^^n^.t'pjc, ||J6«aji-c«-sn;tt)©ill— <0 

[0 0 6 9] Htc. aii^^nTte^a^tt. t 

H{C*HxT«0. 0 3 dB/i!fcST5)-3fc. 
[0 0 7 01 (^M^aj 1 ~ 7 <DiS*JC*-Zf < ffPffi) £t± 50 
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oji 1 4 <Dj?$ i, •g^ttWT*^ s i o, « 1 6 <d;p$ 
i:<D«jS{t*^, m^ys.m.m.mmz^^^xfft)nrz, cm 

^'It&Sl^fciifLT, fijS;a:kh [ZnO] tkh [S 

i O, ] ©H^^^Ji). 7«.:^«#©«SStcjS;i;fe«ii75: 
Z nOJll 4 0DJit$ tS i O, « 1 6 <D;?$ iS:^* 

[0 0 7 1] 0 1 tt, S^ig^^ 1 ~ 7 ®^*tca^ViT»i 
^^tlTtkh [ZnO] tkh [S i O, ] 0*JifflS 

[0 0 7 2] 0 3~0 1 1 lC^$n-5. :^^m\zm-:)rz 

Wmhftt&m. SlfC^SV^T^-i^ABCDEFGH 1 JK 
LMNOPQROl 8.^d^*4-Ae.n. PSf^.^i.-^S: 

m^mi^-cm^nftmmA-B-c-D-E-F-G- 

H- I - J -K-L-M-N-O-P-Q-R-AOTi^ 
±$-^tfrtgPJC, ^®#tt&*^^cDkh [ZnO] tk 
h [S iO, ] -C-^^iE>tL^m^?^^^^\Z. «B#tt 

01 iC*3ViT,';SABCDSTMNOPQRCDl 2 
^ J® (CiS:B-Ti^^<[B!« {c ffl * nfc H U S9± Sr' 

■^tri^aPJC«®#ttK^^cokh [ZnO] tkh [S 
iO, ] -c#^6nsj^*»XSJ;5Jc, 

[0 0 7 3] ddtC. 01tC:feViT, .^Att, ffiS 
(0. 4. 0. 5 5) g-dSaeJ-S.^TfeO, fip-&A,^i 
tt, kh [ZnO] =0. 4. E.t>kh [S i O, ] = 

0 . 5 5 *«-r, 

[0 0.7 4] mmz, B,^~T.^©j^® (kh [Zn 
O] . kh [S i O, ] ) (i. 
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CO 0 7 51 Sl±<Dkh [ZnO] k h [S i O, ] 

*^'«3l{t:$nfc«®?*ttJ!£^^^©'tttg«> 0 3-011 

[0 0 7 6] (^''r:/A®«lB5tlC*f-rStttllSl±©«l 
KSftJ^b, mi\Z7K-^n^^^\Z. kh [Zn 

o] s«iMi> kh [siO: ] ^mmii-r^ifyyizis 

liT. SM^itiSSl^O k h [ZnO] IfctJfkh [S i 
O, ] 75?±E®ffiJ«ABCDEFGH I JKLMNOP 
QRrttCfc^i^^, V=8. 0 0 0~1 2. 0 0 0m/ 
sec, E.'r)TCF = - 1 5~1 5 p pm/'C, JLt> 
K« =0. 4~1. 3%T*ofc. ^fc, e^aifett, 
l'<^C^:-h'{C*tLT«0. 0 5dB/St«, 25^:^:-^ 
JC*fLT«0. 0 3 d B/ilfeftTfer);^:. HlC, IICDJ: 

[0 0 7 7] Mtc, i'-fyA©«^©iS®#ttiftlg^lc 

tc. kh [ZnO] kh [S i O, ] S:IS£ttt 

-t^if^y^Z^^^X, aiBSIttiStig^Wkh [ZnO] 
RtKkh [S iO, ] *^±IEW^«ABCDSTMNO. 
PQRF*3}'feniiHlC«fSL.<> V=l 
0. 0 0 0~12, OOOm/sec. , B.-PTCF = 
- 1 5~1 5 p pm/"C, fiOK' =0. 4~1. 3% 
-e&Oit. ^fc, e»H»5<5«, l^^:-h'{C*fLTti 
0. OSdB/aSS, 2Jfe^-H{r*fbT«0. 0 3d 

[0 0 7 8] (^^ZfB ©«fiR{Cj*t-^tt«g[B]±OSi 
:/B<75fllfig©«®3*1tJStm^^{C43ViT 
«> 2ii<C^-HS:*iJffib, 0HCS5$n-SJ;'5tC. kh 

[ZnO] *«|tti, kh [SiO, ] Slffittli-rsy^ 
yiZ^\,^X. «®»ttK^^©kh [ZnO] SO^kh 

[S i Oj ] *<Ji|EC9M«EABCDE FGH I J KLM 
NOPQR('qtC^SJB-&. V=8, 0 0 0~12, 00 
Om/sec. . J.OTCF = -l 5~1 5 ppm/ 
X:, ja^K' =0. 8~2. 3%X&^fZo ^£.rz. BM 
m^it. i:k'e-\^\Z^LXitO. 0 5dB/Jgfi, 2 
J*:^— FJC^LTttO. 0 3 dB/&S-eo&tjfc. M 

CO 0 7 9] MIC, :5'-r:/BCQ«fi)t©S®#'tt&^^lC 

{C, kh [ZnO] S^ffi. kh [SiO, ] Sr«£Wi: 
■rSi'5:7{c:fcV>T, «®#14»^^Okh [ZnO] 
ROCkh [SiO: ] *^±lB®^«ABCDSTMNO 

pQRp^iz&rn^iz»^v<. c:cD«-&. v=io. 

0 0 0~12, OOOm/sec. , E.OTCF = -l 
5~1 5 p pm/t;, =1. 6~2. 3%T* 

ofc. SAc. •eJ)aa^«> i:;*:^-Htc*fbT«o. 0 

SdB/iKS. 2i5i:*-h*tC5ktLT«0. 0 3dB/iS 
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mx&-o^o Jl©J:37ai«fig«, ^^©JgfiJtJcW 

[0 0 8 0] (5'-r:/c©flifiS:{c*fr-5ttiiiB]Jio3a) 

tt, 2:;^:^— HSfiJfflb, s i tc^^ti-Si^Jc. kh 
[ZnO] <£«lt4, kh [SiO: ] ^Wt^tir^if^ 
y\Zisi,^X. SS^-ttiS^^cDkh [ZnO] S.D^k h 
[SiO, ] *t±f5®^«ABCDEFGH I J KLM 
NOPQRrtlC:***-^, V=8. 0 0 0~12. 0 0 
10 Om/s e c . , E.-PTCF = - 1 5~ 1 5 p pm/ 
"C, =0. 3~0. 8%X$>-orz, ^ft. BM 

J«5l5«, l*^-HC*rUTttO. 0 5dB/a5[S. 2 
:^^-HK:MbT«0. 0 3 dB/'iS«T«.o;t. 5! 

iz, z.<D^'5fs.mmt. mTomfSnzmmxsb^o 
[0 0 8 1] sfc. i$'-(yc(Dm0si.<Dmm^^^miriz 

{c, kh [ZnO] ^mm. kh [SiO, ] ^mmt 

•r^ifyylZ^^^X. Sffl^ttiSSlg^^© k h [ZnO] 
RtKkh [SiO. ] *t±fS©mi^ABCDSTMNO 
20 PQRrtlCfenfiJEJCif^K, V=10, 
0 0 0~12, 0 0 Om/s e c. . E.OTCF = - 1 
5~15ppm/"C, jaoK' =0. 3~0. 8 %T$> 
ofc. ^fc, eiiSa^«> li^t-K(C^LTttO. 0 
SdB/j&S, 2:^^:-HJC**UTtt0. OS.dB/SE 

[0 0 8 2] (^-f <DmS&iZMr^^^f^±(D^ 

2:*:^-K«rfiJfflL. 0 1 fc^^n^i-^ tc. kh 
30 [ZnO] ^m.m. kh [SiO, ] ^i^ffti-T-Si^^ 
yiZisi^X. S®5*ttKm?®kh [ZnO] St^kh 
[SiO,] *«±iH<iD^«ABCDEFGH I J KLM 
NOPQRrtJCfeS*^, V=8, 0 0 0~12. 00 
Om/s e c. , J.OTCF = - 1 5~ 1 5 p pm/ 
"C, R-DK' =0. 6~1. 8S6T*oit. e^ft 
jt5fe«, 1 ;*C^- H Krj* UTtt 0 . 0 5 d B/«tS, 2 
:;^c^-H{c*fL.T«0. 0 3 d B/jfeST^ofc. M 

[0 0 8 3] HtC, ^'-<yD®«lfi!c®«BB»ttK^^t- 

40 *ViT«, 2;*:^-HSfiJfflb, 0iic^sti«J;5 

IC, kh [ZnO] kh [SiO, ] *««tti 

TSi^77JcfeViT.^ffi#1feSt5^^<©kh [ZnO] 
Rt/Ckh [SiO. ] *<±ffi®««ABCDSTMNO 

pQRi^ic*n«sc0iu<, v=io. 

0 0 0~12, 0 0 Om/s e c. , B.t3TC F = - 1 
5~15ppm/t:. J.C3K' =0. 8~1. 8%X& 

ofc. sfc, ei»a^«> i?^c^-FJc*HxTtto. 0 

SdB/jSS, 2;^C^-HtC^bT«0. 0 3dB/ig[ 

SO mx&^. 
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[0084] (^''fy^F 0«fi)t{CS*-r SiSfiBlPjiO^I 

CZnO] ^m^. kh [SiO, ] ^mmtT^if^ 
7»C:feViT. ^mm^&m^<Dkh [ZnOJSSttl^kh 

[S i O, ] ;d^±faoMlSABCDEFGH I J KLM 
N6PQRrtlC^-5«-&, V=8. 0 0 0~12. 00 
Om/s e c . , B.OTCF = - 1 5~ 1 5 p pm/ 
t:,. 1.0K' =0. 1 5~1. '4 96T*-3fc. ^fc, G 
SS«Jl^tt> lik^:-HiC^StLT«0. 0 5clB/i^:g, 
2^^— h*{C*fbT«0. 0 3 dB/aSfiT^-p^. M 

[0 0 8 5] StC, :5"r:/FO«fiX©«®»'ltig5gT{C 

tC. kh [ZnO] kh [S i O, 3 SrSiEtti: 

-rSi^9 7{C*ViT, «®9il1**3S^®kh [ZnO] 
RtKkh [S iO. ] 75t±|E«ffi«ABCDSTMNO 

PQRi*3ir^nfSSitif*L.<, e:<D«^. v=io, 
0 0 0~12. 0 0 Om/s e c. , 5.oTCF = - 1 
5~15ppm/'C, JLOK' =0. 4~1. 4%T* 

ofe. sfc, i;^^-H{c*fLTtto. 0 

5dB/jSfi, 2:;*C^-H(C*fL'Tli0. 03dB/iK 
[0 0 8 6] 

m<DmmwiSLi&m'^it. y-r 'v=e> f^jc z n omtm 

[0®c9fflm;5:iiBJ] 

[01] kh [ZnO] ^Stt, kh [SiO, ] 
tti:-rSi^7 7Ta&oT, ««tABCDEFGHI JK 
LMNOPQRStK^%ABCDSTMNOPQR$^ 

■To 

[H2] ^M#14&^^08lf®BlT*O, (a) ttiS'-T 
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T'A^. (b) li^'-fyB*, (c) tS^'fT'CS. 
(d) «^<:/D$, (e) «:5'-1*7'ES:, (f) tt^' 

-f ypsr, (g) tt^'-fyGS. -en-€n«-r. 
[0 3] ^si^j 1 Tfptf $n^, ^-fzfAai^mnik& 

m^Fcon^f^^^^K' {C^fT^kh [ZnO] , kh 

[sio, ] (Dm^^»rifyy-c&^. 

[04] ^mm2X'wm-stiti.- i'-^^B<Dmm^mm 

5g^0^tCi^-&#l&K' fC^-rSkh [ZnO] . kh 

[s iO: ] wM«*«-r^7-7-e^-s., 
10 [0 5] mmms-r^wm^ntz. ^^ycay^mn^^ 

^^©«miig-&#^K' {cM-r^kh [ZnO] . kh 
[S iO, ] OM#*«"riy57-C&-5. 
[0 6] SIS6^»J4-CffF«$n/!:, yoco^B^ttaS 

^^<^«Mii«'&^ISK' izn-r^kh [ZnO] , kh 
[S iO, ] ©H^*^-r^7 7-X?&-5. 

[0 7] Siag^JSTWii^iafc. ^'-f:/E«)^®#tt» 

m^<Dmm.m-^^^K' {c*f-r^kh [zno] . kh 

[S iO, ] CDM«*«-ri^5 7TS^, 

[0 8] mmmG-^mm-^nfz. ^"fyF(Dmmmi& 

20 Sl^©«fti|g^^»K* {C*f-r«kh [ZnO] , kh 

[s io, ] (Dm%^^-rif^yx'$>^, 

[0 9] ^mm7-unm^n^^ ^'-iycoms^^iA 

^^om^ii&^^iacK' {C*t-r-5kh [ZnO] , kh 

[s io, ] <Dm%t:^-rif^y-c$>^, 
[010] mMmi'^7\zis^^Tmm-^tifz. ^^ztk 
'-Qaimm'<mMf-<n&sm&v\znt^ k h [z n 

O] . kh [S iOr ] OS«*«-ry77T*S. 
[01 1] IIJ£«>«ll~7K:*3V>TfPfiB3nyt. ^-i^K 

~G<7i^mm->^^m=?-(^mwmL^'m.\znf^ k h 

30 [ZnO] . kh [S i O. ] Ogl^S^-T^^^t?* 
[012] fll>l!«ffiO±ffi0"C*O, (a) tt->>i^;l/ 

[??-^®ittgfl] 

lOa. 10b. 10c. lOd. lOe. 1 0 f . 1 
^%"-^WmM^. \2-^-(\^yyr-m. 14- 
ZnOe, 16-SiO, 2 0-®a«®, 2 2 
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